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GROWTH CONDITIONS
Glucose + 1M NaCl + 15mM Gly
(Exponential)
Assays
Strain
Glycerol kinase
(mU/mg prot)
Active transport
[14 C]Gly uptake Vmax
(µmoles h-1 g-1)
H+ uptake
wt 6.5 ± 4.1 (5/2) - -
gpd1∆gpd2∆ 4.8 ± 0.2 (2/1) 630 ± 18 (3) +
gup1∆ 4.5 ± 3.1 (9/3) - -
gut1∆ 4.1 ± 2.9 (5/2) - -
gup1∆ gut1∆ 3.5 ± 1.8 (10/2) - -
gpd1∆ gut1∆ 6.7 ± 1.7 (3/1) 165 ± 9 (2) +
gpd1∆ gup1∆ 5.8 ± 4.0 (9/2) 182 ± 0.5 (2) +
gup1∆ gup2∆ 4.5 ± 1.6 (6/2) - -
gpd1∆ gup1∆ gup2∆ 2.1 ± 0.8 (9/3) - -
gpd1∆ gpd2∆ gup1∆ 2.4 ± 0.3 (9/3) 379 ± 37 (2) +
Vmax Determined using one glycerol concentration in the range of active transport Vmax ( 2mM )
(-) ≤ 50µmoles h-1 g-1
(../..) Number of replicates / number of independent batches of cells
≈ 50%2x
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Glucose
(Exponential)
GROWTH  CONDITIONS
Assay
Strain
Glycerol kinase
(mU/mg prot)
Active
transport
wt 3.2 ± 1.1 (6/2) -
gpd1∆gpd2∆ 5.4 ± 1.3 (5/2) -
gup1∆ 3.4 ± 2.8 (5/2) -
gut1∆ 0.9 ± 0.2 (2/1) -
gup1∆ gut1∆ 5.3 ± 2.5 (8/2) -
gpd1∆ gut1∆ 3.7 ± 2.8 (7/3) -
gpd1∆ gup1∆ 3.7 ± 1.9 (7/2) -
-nd
-
gpd1∆ gup1∆gut1∆ 
Vmax Determined using one glycerol concentration in the range of active transport Vmax ( 2mM )
(-) ≤ 50µmoles h-1 g-1
(../..) Number of replicates / number of independent batches of cells
2.3 ± 0.0 (9/3)
1.6 ± 1.0 (9/3)
-
-
gpd1∆ gup1∆gup2∆
gup1∆ gup2∆ 4.5 ± 2.6 (6/2)
gpd1∆gpd2∆gup1∆
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Ethanol
(Exponential)
GROWTH  CONDITIONS
Assay
Strain
Glycerol kinase
(mU/mg prot)
Active
transport
Vmax
(µmols h-1 g-1)
wt 66.1 ± 4.1 (6/2) 277 ± 26 (3)
gpd1∆gpd2∆ 55.8 ± 11.4 (9/3) 237 ± 30 (3)
gup1∆ 43.1 ± 5.8 (9/3) 181 ± 12 (4)
gut1∆ nd 205 ± 17 (4)
gup1∆ gut1∆ nd
gpd1∆ gut1∆ 4.1 (1/1) 248 ± 36 (4)
gpd1∆ gup1∆ nd nd
ndgpd1∆ gup1∆gut1∆ 
Vmax Determined using one glycerol concentration in the range of active transport Vmax ( 2mM )
(-) ≤ 50µmoles h-1 g-1
(../..) Number of replicates / number of independent batches of cells
nd
gut1∆ gup1∆gup2∆
gup1∆ gup2∆ 48.9 ± 13.5 (6/3) 169 ± 17 (3)
gpd1∆gut1∆gup1∆
-
-
-
-
nd
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CELLS CULTIVATED ON
YEPD + 1M NaCl + 15mM glycerol
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V/[Glycerol] (l. h-1 g-1)
µg 0.17 h-1 ( ≈ gpd1∆gpd2∆ )
lag phase     ≈190 h   ( ≈ 2.5 x gpd1∆gpd2∆  )
µg 0.22 h-1 (≈ wt)
lag phase     ≈42 h     ( ≈ 2.5 x wt )
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Under salt stress
Compatible with a very high transport activity
(Vmax)
Compatible with the transporter(s) gene(s) expression being
• dependent on glycerol production impairment
• dependent on heavy salt stress
• increased by external glycerol presence
• increased by acetic acid production
Glycerol taken up by transport
Glycerol produced or
glycerol produced and taken up by transport ?
?
Residual glycerol produced by 
an alternative pathway ?
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CELLS CULTIVATED ON
YEPD + NaCl 1 + Gly 15mM
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GUP1 is active in ethanol growing cells
GUP2 activity is only apparent in cells
growing on glucose under heavy salt stress
combined with glycerol production impairment 
GUP1 is indispensible for cells to grow on glycerol
GUP1 deletion increases lag phase
  without affecting µg on glucose and salt 
GUP2 deletion does not affect growth on
either glucose or non-fermentable carbon sources 
GUP1 is constutivelly expressed
GUP2  expression - ?  is it under
Both genes are expressed in ethanol grown cells,
although the level of expression of
GUP1 is apparently much higher than GUP2
salt stress   or
secondary metabolite (like acetic acid)
• induction by
• glucose repression                 or
Univ. do Minho, Portugal
0
50
100
150
200
250
300
350
wt wt gpd1∆gpd2
∆
gpd1∆gpd2
∆Trehalose Acetic acid
In the absence of glycerol production or 
extracellular driven accumulation,
under stress,
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Under stress,
acetic acid intracellular accumulation
varies in the inverse fashion
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The apparent similarity of behaviour in terms of transport
which renders GUP1-  and GUP2-dependent glycerol transport
physiologically indistinguisheable
The strong molecular homology between GUP1 and GUP2
GUP 2 to be, together with GUP1,
the genes responsible for glycerol active uptake
in Saccharomyces cerevisiae
differently regulated
• 57% identity 77% similarity
• glycerol driven H+ uptake
• Km
• asccumulation capacity
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GUP2
ORF  YPL189w
Chromosome XVI
1830 bpAmplicon: 855 bp
85 - 105
919 - 939
GUP1 
ORF YGL084c
Chromosome VII
1683 bpAmplicon: 661 bp
153 - 173 793 - 813
5’ 3’
Primers Tm (°C)
GUP1 left primer 60,0
GUP1 right primer 60,1
GUP2 left primer 59,7
GUP2 right primer 59,8
%GC
50,0
50,0
40,0
45,0
18S rRNA primer pair
Ta (°C)
55
55
55
55
55-68
Length (b)
20
20
20
20
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gpd1∆ gpd2∆
YPD YPetOH
YPD +
NaCl
YPD +
NaCl +
gly
GUP1 / I.S. 1.0 0.5 3.0 3.4
GUP1
18S rRNA
(Internal Standard)
no
 R
T
no
 R
T
no
 R
T
no
 R
T
W303-1A
YPD YPetOH YPG
YPD +
NaCl
YPD +
NaCl +
gly
GUP1
18S rRNA
(Internal Standard)
GUP1 / I.S. 2.1 1.1 0.9 1.9
no
 R
T
no
 R
T
no
 R
T
no
 R
T 0.3
no
 R
T
gpd1 ∆gpd2
∆gup1∆
YPD
GUP1
18S rRNA
(Internal Standard)
GUP1 / I.S. 0
no
 R
T
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W303-1A
YPD YPetOH
GUP2 / I.S. 0 0.07
GUP2
18S rRNA
(Internal Standard)
no
 R
T
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 R
T
gpd1∆gpd2∆
YPD YPetOH
GUP2 / I.S. 0 0.04
GUP2
18S rRNA
(Internal Standard)
no
 R
T
no
 R
T
